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For the full text of this licence, please go to: http://creativecommons.org/licenses/by-nc-nd/2.5/ T he hydrology of the proglacial zone of a high-A rctic glacier 1 (Finsterwalderbreen, Svalbard): Sub-surface water fluxes and complete water budget. Sub-surface water in the moraine complex (sourced mainly from snowmelt, lake drainage and 26 active-layer thawing), is exchanged with sub-surface water from the sandur (sourced mainly 27 from glacier-derived snow-and icemelt), across a largely distinct boundary. Hydraulic head 28 and specific discharge were monitored in a transect of wells spanning this boundary. A 29 hydraulic gradient from the moraine complex to the sandur is maintained throughout the melt 30 season, although this is reversed first briefly when glacial runoff floods the sandur, and then 31 diurnally from mid-melt-season, as peak daily flow in the proglacial channel network drives 32 sub-surface water in the sandur towards the moraine complex. It is estimated that the active 33 layer does not freeze up until mid-December at this location, so that sub-surface water flow 34 may be maintained for months after the cessation of surface runoff. However, the magnitude 35 of sub-surface flow is very small: the total, annual flux from the moraine complex to the 36 sandur is 11 mm, compared with 1073 mm of total, annual runoff from the whole catchment 37 (glacier included). Furthermore, when considering the water balance of the entire proglacial 38 area, there are unlikely to be significant, seasonal storage changes in the active layer. 3
Introduction

45
Proglacial areas are expanding globally as a consequence of sustained glacier retreat (Zemp 46 et al., 2008) , and can be characterized as highly dynamic fluvial environments (Warburton, 47 1999). Given the intractability of most proglacial areas, and the complex experimental design 48 necessary for monitoring multiple hydrological fluxes over sustained periods in such dynamic 49 environments, it is unsurprising that still very few comprehensive water balance studies are 50 available for glacierized catchments as a whole, or for proglacial areas in particular. Water 51 balances for glaciers themselves can be derived from mass-balance data assuming that inter- The saturated hydraulic conductivity (K sat ) of the sediments comprising the active 152 layer in the transitional zone is required to determine specific discharge, and hence quantify balance terms are also given in Table 3 . In both cases, the water fluxes given are annual by balance, assuming zero change in water storage.
388
In the year studied, precipitation exceeded evaporation by a little over 80%, though 389 during the summer season, the evaporation rate was almost five times that of precipitation. Table 2 : Sensitivity analysis of sub-surface water flux using equation 3, for the entire period of sub-surface flow (monitored and modelled fluxes, from June to December).
Constant boundary Variable boundary
Results using parameter values given in text Total annual flux Mean annual discharge 
